Abstract: Lavandula genus is an important member of Labiatae (Lamiaceae) family. People use commonly Lavandula stoechas as a medicinal plant for various diseases around the world and also in Turkey. The aim of this study was to investigate cytotoxic and genotoxic effects of aqueous extracts (40, 80 and 120 g/L) from L. stoechas flowers on Allium cepa root tip meristem cells. For this purpose, A. cepa onion bulbs were treated with the above-mentioned L. stoechas flower extracts for 72 h. Spring water (pH 7.3) was used as a control. The result of this study sowed that aqueous extracts reduced mitotic index, but induced chromosome aberrations and mitotic aberrations in comparison with control, significantly (p < 0.05). Aqueous extracts induced breaks, stickiness, pole deviations and micronuclei. Furthermore, these effects were related to extract concentrations. These results showed that L. stoechas aqueous extracts have cytotoxic and genotoxic effects.
Introduction
Lavandula genus is an important member of Labiatae (Lamiaceae) family. Lavandula species are widely distributed in the Mediterranean region and cultivated in France, Spain and Italy. In Turkey mainly two species, L. angustifolia and L. stoechas and their subspecies and hybrid forms grow wildly or they are cultivated (Davis 1982; Gören et al. 2002) . L. stoechas is known as French lavender (Hsu et al. 2007 ) and it is used by people for various diseases of central nervous system (epilepsy and migraine), treatment of wounds, reduce to blood sugar. It is also used as antispasmodic, antiseptic, antimicrobial, sedative, diuretic and analgesic agens (Gamez et al. 1987; Baytop 1999; Gilani et al. 2000) . Lavender has also positive effects on urinary infections, cardiac diseases and eczema (Baytop 1999) . Furthermore, nowadays the lavender species are extensively cultivated throughout the world in order to be commonly employed in perfumery and cosmetic industry (Baytop 1999; Gilani et al. 2000; Büyükokuroglu et al. 2003) , where especially their oil extracted is used.
Lavender essential oil is used in aromatherapy, and in the flavouring and fragrance industry (Cavanagh & Wilkinson 2002; Prashar et al. 2004) . Lavender has been extensively studied from the phytochemical point of view, limited studies being devoted to pharmacological aspects (Gülçin et al. 2004 ). For medicinal purposes, its aerial parts are used. The aerial parts contain oleanolic acid, ursolic acid, vergatic acid, β-sitosterol, α-amyrin, α-amyrin acetate, lupeol, erythrodiol and flavonoids, acacetin and vitexin (Ulubelen & Olcay, 1989) , as well as two longipinane derivatives, longipin-2-ene-7β,9α-diol-1-one and longipin-2-ene-7β,9α-diol-1-one-monoacetate (Ulubelen et al, 1988) . Recent studies also suggested that Lavandula species have antioxidant and local anaesthetic activity (Kovatcheva et al. 2001; Ghelardini et al. 1999) .
Although plant extracts have been used in the treatment of diseases according to knowledge accumulated over centuries, scientific research has shown some substances present in these medicinal plants to be potentially toxic and carcinogenic (De Sa Ferreira & Ferraro Vargas 1999) . Investigation of traditionally medicinal plants is thus valuable on two levels: firstly, as a source of potential chemotherapeutic drugs, and secondly, as a measure of safety for the continued use of medicinal plants (Vershaeve et al. 2004) .
Plant species represent a great source of biologically active compounds whose effects on heritable material are mostly unknown. However, the present widespread use of essential oils in pharmacy and industry (antiseptics, soaps, deodorants, flavours and dentistry products) as well as of aqueous extracts in traditional medicine would seem to necessitate research on their cytotoxicity and genotoxicity. It is worth mention-Biological effects of Lavandula stoechas extracts 293 ing that such studies are few and by no means comprehensive (Prashar et al. 2004) .
Allium cepa has proved to be the excellent material for short-term studies of genotoxic effects of environmental mutagens. Allium test, a standardized test for cyto-genotoxicity monitoring (Fiskesjö 1985) , seems to have some advantages. It combines two test targets: toxicity and genotoxicity. Furthermore, it is easy to handle, it has low cost and it shows good correlation with mammalian test systems (Fiskesjö 1985; Grant 1994 Grant , 1999 Cabrera & Rodriguez 1999; Jovtchev et al. 2002; Yi & Meng 2002) . The results from Allium test also fit in well in a test battery composed of prokaryotes and/or eukaryotes (Fiskesjö 1993) .
In this study, we investigated cytotoxic and genotoxic effects of aqueous extracts from L. stoechas flowers on Allium cepa root tip meristem cells using the Allium test.
Material and methods
Plant collection and extraction L. stoechas was collected from Ç ine Barrage Area (Aydın, Turkey) in April-May 2006. A voucher specimen was deposited at the Herbarium of the Faculty of Art and Science, University of Adnan Menderes. Dried and powdered flowers of L. stoechas (40, 80 and 120 g) were extracted with 1 L boiling water for 10 min. Extracts were filtered using filter paper and freshly prepared extracts were applied daily.
Allium test
To evaluate cytotoxic and genotoxic effects of L. stoechas aqueous extracts, we used Allium test (Fiskesjö 1993) . For this purpose, small onion bulbs are carefully unscaled and cultivated on the top of test tubes filled with the L. stoechas flower extracts. Spring water (pH 7.3) was used as a control. For each extract sample (40 g/L, 80 g/L and 120 g/L) and control 12 onions were set up. The bulbs were randomly placed on glass test tubes filled with the L. stoechas flower extracts and incubated in the dark at 22
• C for up to 3 days (72 hours). After one day of incubation, the two bulbs from each treatment group with the poorest root growth were eliminated. The test solutions were changed daily at the same time. The roots growing in spring water (pH 7.3) were used as a negative control and handled alike for all the experiment. When treated roots were collected for cytotoxic/genotoxicity analysis after 72 h, the root tips were fixed immediately in acetone-alcohol (1:3) for 24 h and the roots were transferred to 70% ethyl alcohol and stored in a refrigerator. Root tips were hydrolyzed in 1 N HCl (1 part), followed by squashing in 2% orcein stain in 45% acetic acid. After removing the root caps from well stained root tips, 1 mm of the meristematic or mitotic zones were immersed in a drop of 45% acetic acid on a clean slide and squashed under a cover-slip by exerting thumb pressure on it. Slides were analysed under the light microscope. Changes in chromosome morphology were photographed under a light microscope Olymphus BX 51.
The following parameters were used for determination of cytotoxicity and genotoxicity: (i) mitotic index (MI) that was calculated as the percent ratio of dividing cells and total number of cells observed (a total of 5 slides per onion); and (ii) chromosome aberrations that were characterized and classified as fragments, stickiness and polar deviation in randomly picked 3 zones, and micronuclei (MN) were scored in interphase cells per 1,000 cells (onion in each group which included ten onions.
Statistical analysis of data
The mean values were calculated for each group of concentrations and control. For the determination of the significance among the means, One Way ANOVA test was applied (p < 0.05).
Results
The average root lengths and numbers for control group and treatment groups are given in Table 1 . Compared with control, L. stoechas aqueous extracts reduced significantly root number only at the concentration 80 g/L. But the extracts reduced average root lengths significantly at all concentrations. The average root length in control is 3.14 cm, however, the average root lengths in treatment groups are significantly lower in comparison with the control (Table 1) . Mitotic activity expressed as MI was the first parameter for cytotoxicity evaluation of the L. stoechas extracts. In Table 2 the MI values are given for control and for each treatment concentration. The cytotoxicity level can be determined by the decreased rate of the MI. It is evident that the L. stoechas aqueous extracts reduced the MI significantly. The reduction in number of the dividing cells in the roots shows the cytotoxic effects of the substances that found in aqueous extracts. The mitotic and chromosomal aberrations in terms of breaks, stickiness, polar deviations and MN for each group are counted by microscopic observations for each slide (Figs 1,a-d) . Table 3 presents the percentage of the aberrant cells in dividing cells. Total chromosomal aberrations showed decrease in 40 g/L L. stoechas aqueous extract treatment, but they increased significantly in other extract concentrations, dose dependent. Especially, aberrations in 120 g/L extract treatment group are significantly higher in comparison with other treatment groups (p < 0.05). Also, cells with membrane damage (Fig. 1e ) and apoptotic characters (Fig. 1f) were detected in groups treated with the L. 
Discussion
Results of this study showed that L. stoechas aqueous extracts in 40, 80 and 120 g/L concentrations reduced the MI significantly. Especially, MI value of 80 g/L extract-treated group is significantly low. MI value was increased slightly in 120 g/L extract-treated group. The reduction in MI (number of dividing cells) showed that substances in aqueous extracts may have cytotoxic effects. In this study, cells with membrane damage were observed in groups treated with 80 g/L and 120 g/L L. stoechas extracts. These results showed that L. stoechas aqueous extracts over the certain concentrations may cause cytotoxicity via inducing membrane damage.
These results are in accordance with the literature data. Gören et al. (2002) evaluated cytotoxicity of L. stoechas ssp. stoechas essential oil against a number of cell lines. They demonstrated that essential oil has cytotoxic effect on KB, BC1, LU1, COL-2, KV-B (+VLB), P388 and LNCaP cancer cell lines. Furthermore, it was demonstrated that lavender oil is cytotoxic to human skin endothelial cells and fibroblasts in vitro at concentration 0.25% (v/v) in HMEC-1, HNDF and 153 BR cell types tested. Membrane damage was proposed as a possible mechanism of the cytotoxicity (Prashar et al. 2004) .
Total chromosomal aberrations and L. stoechas aqueous extracts have genotoxic effect over the certain concentrations. Concentrations which are recommended in alternative medicinal usage by people are 2-5% (Baytop 1999) . Only 40 g/L concentration of extract was recommended concentration; 80 g/L and 120 g/L concentrations used in our study were significantly higher than recommended concentration. Genotoxic effect of L. stoechas may thus be due to use of overdoses.
In vitro mutagenic and antimutagenic activities of L. angustifolia essential oil was investigated by the bacterial reverse mutation assay in Salmonella typhimurium TA 98 and TA 100 strains and Escherichia coli WP2uvrA strain, with or without an extrinsic metabolic activation system. Researchers reported that L. angustifolia essential oil has antimutagenic activity in the absence of extrinsic metabolic activation system, but antimutagenic activity was decreased in the presence of metabolic activation system (Evandri et al. 2005) . It was also suggested that lavender oil exerted its antimutagenic effect in the absence of rat liver fraction S9, excluding an interaction between this essential oil and components of the exogenous mammalian metabolic system. According to our literature search, no reports about genotoxic effect of L. stoechas can be found. The results presented here are therefore important since they suggested the genotoxic effect of L. stoechas flower aqueous extract.
In our study, cells with apoptotic characters were also detected in the group treated with 80 g/L and 120 g/L extracts (Fig. 1f) . Apoptosis is a genetically controlled form of cell suicide which is also involved in the specific elimination of damaged cells. The cytotoxic activity exerted by L. stoechas extracts, partly due to apoptosis, apparently induced deformations of cell membrane and nuclei. It may be possible that substances in the high concentrations of L stoechas aqueous extracts cause irreparable DNA damage and inhibition of mitotic events resulted in cell death.
Recently, traditional medicine (phytotherapy) is commonly used to treat various diseases, besides modern medicine. People prefer to use herbal product because synthetic drugs can cause different side effects, so that about 80% of the world's population uses medicinal plants (Cordell 1995) . Therefore a growing number of scientific concerns are focusing on the significance of natural compounds. In our recent study (Aşkın Ç elik & Aslantürk 2006), we investigated also anti-mitotic and anti-genotoxic effects of Plantago lanceolata leaf aqueous extracts (at 15 and 30 g/L concentrations, i.e. recommended doses in alternative medicinal usage by people) on Allium cepa root tip meristem cells which were treated with H 2 O 2 . Purpose of that study was determination whether P. lanceolata has protective or preventive effect on H 2 O 2 -induced damage. As a result we found that P. lanceolata extracts have anti-mitotic and anti-genotoxic effects (Aşkın Ç elik & Aslantürk 2006) .
Plant species represent a great source of biologically active compounds whose effects on heritable material are mostly unknown. Research focused on investigating the safety and possible new activities of herbal products is a welcome advance that could lead to the development of new products with favourable risk-benefit profiles (Barnes 2003) . Effects of phytother-apy depend on the active components, amounts of substance, physical properties of people, response to active component and manner of usage (oral, injection, etc.) . Toxic effect can appear, when active compounds were taken in an overdose and this effect can cause serious problems, which may lead even to death. Results from our study showed that although L. stoechas has beneficial effects as a medicinal plant, it could cause serious problems and damage on cells by incorrectly usage.
In order to reach more information and certain conclusions about this subject, however, further researches should be performed with different test systems.
